Abstract -In this study, we made experiments by the simulated PV system for understanding the cause of disconnection when instantaneous voltage sag occurs. Moreover, it is understood that the PCS with the voltage phase jump detection method which is one of the main causes of the disconnection. We modeled it in the simulation. When fault occurs, even though the residual voltage is more than 20 % and the voltage sag time is within 1.0 sec, the PCS disconnected by the voltage phase jump detection was confirmed in the simulation results. If a large number of PV systems are interconnected in the power system, we verified through the simulation that the interaction caused by the disconnection which generated by the voltage phase jump detection. We proposed threshold limit value of islanding detection. The validity of proposed method was verified through the simulation in this study.
Introduction
Photovoltaic generation (PV) has become more popular as part of the solution to global warming, the depletion of fossil fuels, and to energy conservation [1] - [3] . The PV has become more widespread in households due to the improvement in the cost and by the introduction of incentive system from the Japanese government. In addition, a surplus power buyback program by electric power companies. However, power generation from the PV is instability. If the PV is introduced on a large scale, this may cause the allowable voltage produced by each customer to increase thereby deviating the allowable voltage and occurring the frequency fluctuation and the voltage fluctuation [4] .
The PV system is composed of PCS and solar panel. When an accident occurs in the grid and the PV system will be in an islanding operation state. Hence, PCS has the function of islanding detection. If there is instantaneous voltage sag caused by the system fault, PCSs might be disconnected from the grid. As a result, this might lead to blackout. Therefore, the development of PCS equipped with the Fault Ride Through function (FRT) is required now. PCS disconnected by over current, under-voltage and islanding detection function etc. Functions such as constant current control and DVS are developed as a method for the over current and under-voltage during voltage sag. There are two types of islanding detection methods: passive and active. However, in voltage phase jump detection method which is one of the passive islanding detection has leads to many disconnections. The disconnection by variations of voltage phase seems has not found the resolution. More than 20 % of residual voltage and within 1.0 sec of voltage sag time are the requirements of FRT to continue operation is considered as a draft in the NEDO project [5] . Hence, PCS might be disconnected by voltage phase jump within FRT requirements.
Outline of Islanding Detection of PCS
The islanding detection of the PCS has two methods. One is passive method, and the other is active method. Passive method of PCS used in this experiment is the voltage phase jump detection method, active method is a frequency shift method. The voltage phase jump detection senses a sudden change of phase voltage by accidents, stop the PCS in 0.5 sec. If the active power and the reactive power is almost equal or the fault point is near 0 V AC voltage value, passive method will not work. Therefore, the frequency shift method work. Frequency shift method is always give the variation of the frequency, sensing the change in frequency due to accidents, PCS to stop at 0.5 to 1.0 sec. In addition, protection relay such as Over Voltage Relay (OVR), Under Voltage Relay (UVR), Over Frequency Relay (OFR) and Under Frequency Relay (UFR) reduce islanding operation [6] .
Experiment by the PV System
We conducted experiments by simulated PV system equipment. We verified in the disconnection cause of PCS by voltage sag. Figure 1 shows the experimental model. Figure 2 . Figure 3 shows the current waveform. Figure 4 is one of the disconnection factor, Figure 4 is shown about the jumping phase of voltage. Fig. 1 shows the basic circuit diagram used in this experiment. Experiments were conducted to simulate the PV system using a DC power supply and PCS. Occur the voltage sag on the system side, we understood the disconnected factor of PCS by voltage sag. In single-phase three-wire circuit, the load was used for linear load. Reverse power flow is not thought this case. The capacity of PCS is 4 [kW] . Passive method of islanding detection is phase jump detection method, active method is a frequency shift method. If less than 80 V, PCS stopped by UVR. Fig. 1 . System model. Table 1 3 shows the current waveform. We understood that the current increases by voltage sag. PCS was stopped. Since the current control voltage type, it can be seen that has been delayed current output. In addition, Fig. 4 shows the characteristics of the stop of PCS by voltage phase jump. If it compare the T2 and T1, the voltage phase jump has occurred at the time of the accident could be confirmed. We understood that PCS is stopped by the voltage phase jump method. Based on the above, the cause of the stop of the PCS is the Over Current Relay (OCR), UVR, voltage phase jump method of voltage sag and the like. There is a way to continue operation at constant current control system about PCS that stopped by the OCR [8] . There is a way to continue operation at dynamic voltage support (DVS) system about PCS that stopped by the UVR [9] . However, the voltage phase jump method does not seem to be still. Therefore, we focused on voltage phase jump that is one of the factors stopping the PCS. And we modeled PV system by simulation and verified.
Experiment Description

Experiment Result
Simulation
This chapter shows the conditions of the simulation, 
FRT Requirement
Fig . 5 shows the FRT requirement used in this simulation. Setting requirement is the FRT requirement that considered by NEDO project. If residual voltage is over 20 % and the voltage sag time within 1.0 sec, which is a requirement to continue the operation. This threshold value is FRT requirement from operational side system. And, it is a new requirement in development.
FRT Control Logic
We aim to prevent stopping of the PCS by UVR. Considering the voltage drop and voltage sag time, we proposed the control logic to continue to operate if it is within the requirements of NEDO. If PCS continue operation it than the set value T f , outputs a stop signal. Then PCS stop operation. In addition, the control logic of the proposed FRT function in the present study, such as frequencycurrent protection relay is not taken into consideration.
Outline of Voltage Phase Jump Detection
This chapter described the voltage phase jump method which is one of the passive method of islanding detection. Voltage phase jump method is one of the stopping factors of PCS at the time of voltage sag. To ensure that PCS stop by voltage phase jump even if within the requirements of FRT function. In this study, we modeled the PCS used voltage phase jump. Fig. 7 shows the phase jump detection control logic used in the simulation [10] . Explaining the flow of control logic. First, control logic compare period of the current cycle T 1 and the period of the previous cycle T 2 . Then, control logic calculate the phase difference D 0 . The following control is compare the phase difference D 0 and the reference phase Dref. The following control is continue operation if less than the setting phase. If it is more than value of setting phase, PCS stop the operation.
Simulation Model
In this chapter we consider the case that PCS that have FRT function have been many interconnected system. This chapter will examine the interaction of the voltage phase jump method and FRT function, when voltage sag occur. Fig. 8 shows the simulation model. The simulation software was used the Psim. Five PV systems and loads are connected. PV systems are composed of PV panels and PCS. PCS is simulated by PWM-IGBT inverter, has been replaced with AC from DC. PV panel was simulated by DC power supply. Line impedance was used IEEJ West 10-machine system. The load was set to 1 [Ω] linerload. Furthermore, the simulation has no reverse power flow conditions. Table 1 shows the simulation results. PCS method was used with voltage phase jump control logic and the proposed FRT method. The FRT requirement is a requirement of Fig. 5 . This time, stopping threshold value of PCS by jumping phase was set to 3 degrees. Applying the threshold value of the jumping phase of the PCS used in the experiment. PCS system was operated five. When voltage sag occurs, we examined the interaction of the FRT function and voltage phase jumping. The Results show that, even within the requirements for FRT, we confirmed that the PCS would be stopped by voltage phase jumping. Moreover, as the voltage drop rate is larger, we confirmed that the voltage phase jump value is larger. Also, the farther away from the fault point, we confirmed that voltage phase jumping value become reduced in size. Next, remove the phase jump method. And, in this study was to understand the characteristics of the PCS when the voltage sag occurs. Shows the simulation results of Fig. 9 and 10 under these conditions. Fig. 9 shows the voltage waveform. Fig. 10 shows the current waveform. The PCS has continued the operation when voltage sag occurs. In addition, the voltage phase jump has occurred at the start and recovery of voltage sag. Table 3 shows the voltage phase jump at the start and recovery of voltage sag for each model. We found to be greater at the time of start as well as the phase jump at the return when voltage sag occur. At the end, we figured out the time until driving again from the PCS stopped by voltage phase jump. Fig. 11 shows the experimental results. Find that the PCS will be stopped and has recovered after about 10 sec. PCS is doing phase synchronization by the PLL circuit. I think it will take time. Because it needs to match the system frequency and output frequency of the PCS, when PCS stopped and do the operation again. Phase jump occurs when at the start and recovery of the voltage sag. Therefore, if it stopped the method of the voltage phase jump when voltage sag occurs, I thought PCS is possible to continue to operation.
Simulation Results
Conclusion
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